Due to the high occurrence of mammary neoplasms in cats, the search for prognostic factors has recently intensified. Human epidermal growth factor receptor type 2 (Her-2) is prominent among the immunohistochemical markers used for prognosis. The aim of this study was to evaluate the expression of Her-2 in mammary lesions in queens and relate the expression to the type and histological grade of mammary carcinomas. Thirty-eight cases were selected from 2006 to 2016 and were classified and histologically graded. Her-2 expression was determined through immunohistochemistry, using a semi-quantitative analysis of the slides according to the scores recommended in the Dako HercepTest. Chi-square test was used to evaluate the relationship between Her-2 expression and mammary lesion type and the type and histological grade of carcinoma (P < 0.05). The mean age was 8.5 years and young cats were affected only by benign hyperplasias and neoplasms. Undefined cats were more affected (84.37%), followed by Siamese (9.37%) and Persian (6.25%) cats. Regarding the histological classification, 18.42% of the mammary lesions were classified as hyperplasia, 18.42% as adenoma, and 63.16% as carcinoma. The most common type of carcinoma was tubulopapillary carcinoma (66.7%), followed by solid carcinoma (25%) and cribriform carcinoma (8.33%). Her-2 overexpression was observed in four samples (16.7%) of tubulopapillary carcinoma, two grade I carcinomas and two grade II carcinomas, but no relationship was observed between Her-2 expression and type of mammary lesion (P = 0.3127), carcinoma type (0.3446), or histological grade (0.6485). In conclusion, Her-2 overexpression is unrelated to histological grade and type.
Mammary neoplasms are the third most frequent tumour type in felines and most frequently affect females, adults, and uncastrated queens, with no racial predisposition (Lana et al. 2007 ). Several prognostic factors have already been established for these tumours, such as clinical stage, tumour size (Ito et al. 1996) , histological grade (Castagnaro et al. 1998 , Hughes and Dobson 2012 , De Campos et al. 2015 , mitosis index (Preziosi et al. 2002, Hughes and Dobson 2012) , and lymphovascular invasion (Seixas et al. 2011) . Moreover, in recent years, immunohistochemical markers have been used to obtain a clearer understanding of the molecular pathogenesis in feline neoplasms (Hughes and Dobson 2012) .
Mammary carcinomas in cats have histological features (Pérez-Alenza et al. 2004 ) and metastatic (Macewen 1990 ) and hormonal dependence (De Las Mulas et al. 2000) similar to human mammary neoplasms, indicating that results from animal models can be extrapolated to female humans (De Maria et al. 2005) .
Studies have indicated that human epidermal growth factor receptor type 2 (Her-2) expression in cats is associated with a larger tumour size, higher histological grade (Ordás et al. 2007) , and lower survival rate (Ordás et al. 2007 , De Campos et al. 2015 . However, some authors have stated that, in contrast to women, Her-2 may not be involved in the carcinogenesis of feline mammary tumours and its value as a prognostic factor in queens has been questioned because hyperplasias and malignant and benign tumours both overexpress Her-2 (Rasotto et al. 2011) .
Studies addressing Her-2 expression in queens are scarce and, therefore, research is necessary to elucidate its role as a prognostic factor. The aim of this study was to evaluate Her-2 immunoexpression in hyperplasias and benign and malignant neoplasms in female cats, and to relate this immunoexpression to histological type and grade, which are crucial histological indicators of mammary carcinomas.
Materials and Methods
A retrospective study was conducted between 2006 and 2016, examining mammary neoplasms (benign or malignant) and nonneoplastic lesions in female cats. Epidemiological data (sex, breed, animal age, and lesion size) were collected. Tumour size was grouped according to the recommendations of McNeill et al. (2009) and age was grouped according to the recommendations of Togni et al. (2013) .
Histological slides with mammary lesions were revised by two pathologists, classified according to the method of Misdorp et al. (1999) , and histologically graded according to the method of Elston and Ellis (1993) .
Immunohistochemistry was performed using the streptavidinbiotin-peroxidase technique. Antigenic recovery was induced by microwave heating (ethylenediaminetetraacetic acid buffer, pH 9.0, 20 min). Subsequently, endogenous peroxidase was blocked with a 10% hydrogen peroxide solution. The first antibody (Her-2 Dako Cytomation polyclonal antibody A0485) was diluted in bovine serum albumin (BSA) at 1:400 and was incubated in a moist chamber overnight. This was followed by incubation for 30 min with a secondary antibody and with the avidin-biotin-peroxidase complex (Dako) for a further 30 min and revelation was performed with diaminobenzene (Dako K3468-1) for 3 min. Mammary carcinoma was used as a positive control and in the negative control, the primary antibody was replaced with a diluent (BSA).
Her-2 overexpression was determined through semiquantitative analysis of the membrane marking of the epithelial cells, according to the scores recommended in the HercepTest (Dako).
The relationship between Her-2 expression and type of mammary lesion (hyperplasia, adenoma, and carcinoma) and histological type (tubulopapillary, solid, cribriform) and histological grade of carcinoma was determined using chi-square test (χ 2 ) 2.5 in Microsoft Excel 2007 (P < 0.05).
Results
Thirty-eight feline health records were selected, two samples were excluded due to a lack of data on age, and six for a lack of data on breed. The mean age was 8.5 years (range 6 months to 15 years), with four young animals (11.11%), eight adults (22.22%), and 24 older animals (66.67%). The young cats were affected only by hyperplasias (3/4; 75%) and benign tumours (1/4; 25%), as were most adult cats (5/8, 62.5%). In contrast, older cats were affected mostly by carcinomas (20/24, 83.33%) ( Table 1) .
In terms of breed, mammary lesions occurred more frequently in undefined cats (84.37%), followed by Siamese (9.37%), and Persian (6.25%) cats. Of the 44 Table 1 . Frequency of breast lesions in cats according to age and breed. 1) . Data on tumour size were available in 11 health records carcinoma, with three tumours classified as T1 (27.27%), four as T2 (36.36%), and four as T3 (36.36%). Regarding location, three (10%) tumours were found in the cranial thoracic gland, two (6.67%) were in the caudal thoracic gland, six (20%) in the cranial abdominal gland, eight (26.67%) in the caudal abdominal gland, and 11 (36.67%) in multiple breasts. In eight instances, these data were unavailable.
Only carcinomas were graded (24 samples). Ten carcinomas were grade I (41.67%), all of which were tubulopapillary carcinomas; ten were grade II (41.67%), of which six were tubulopapillary carcinomas (60%), three were solid carcinomas (30%), and one was cribriform carcinoma (10%). Only four carcinomas were grade III (16.67%), of which three were solid carcinomas (75%) and one was cribriform carcinoma (25%).
Regarding Her-2 expression, of the 24 carcinoma samples, four (16.7%) were positive, of which one received a score of 3+ and three received a score of 2+ (Plate II, Fig. 1 ). All carcinomas overexpressing Her-2 were tubulopapillary, with two being grade I (50%) and two being grade II (50%). Membrane staining occurred only in the tumour epithelial cells, with no staining in normal epithelial cells; in some cases, weak cytoplasmic marking was observed. No sample with benign neoplasia or hyperplasia exhibited membrane staining for Her-2.
No correlation was observed between immunolabelling and the mammary lesion type (carcinomas, adenomas, or hyperplasias) (P = 0.3127), carcinoma histological type (tubulopapillary, solid, or cribriform) (P = 0.3467), or histological grade (P = 0.6485).
Discussion
Young cats were more affected by hyperplasia (75%), which may be associated with hyperplasia fibroepithelial aetiology, which has been linked to the natural progestogens produced from the first heat (Hayden et al. 1981) . The mean age of cats affected by carcinomas (10.31 years) is in line with other studies, which have described the age as varying between 10 and 12 years (Millanta et al. 2006; Lana et al. 2007; Kustritz 2007; Cunha et al. 2016) . In older cats, the occurrence of carcinomas is higher than that of benign tumours (Hayes et al. 1985) and, although evidence indicates that prognosis is worse in older cats, age has no significant association with post-surgical survival (Castagnaro et al. 1998) .
The higher occurrence of mammary alterations in non-pedigree cats may be associated with the population stratum presenting at the Veterinary Hospital of the Federal University of Uberlândia and breed differences among the populations studied makes it difficult to establish this relationship. Studies conducted in Brazil by Togni et al. (2013) and Cunha et al. (2016) revealed a higher occurrence in non-pedigree cats.
Regarding the size of the tumour masses, the majority (72.72%) were larger than 2 cm in diameter. Togni et al. (2013) and De Campos et al. (2015) reported that tumours smaller than 2 cm were the most common in cats. Tumour size is a critical prognostic factor because larger tumours have a greater number of cell divisions and a higher probability of progression to malignant behaviour as a result of the accumulation of mutations (Matos et al. 2012) . Furthermore, cats with larger tumour masses are known to have lower survival (Ito et al. 1996) .
Regarding location, the abdominal breasts were more affected, as reported by De Campos et al. (2015) . Some authors have divided the mammary gland into thoracic, abdominal, and inguinal areas, as recommended by Dyce et al. (2004) , reporting a higher occurrence of tumours in the abdominal (Shafiee et al. 2013 ) and inguinal glands (Cunha et al. 2016 ).
Malignant tumours were more frequent than benign lesions, and tubulopapillary carcinoma was the most frequent. In Italian studies, Rasotto et al. (2011) considered only neoplasms and reported that 88% of tumours were classified as carcinomas, whereas Maniscalco et al. (2012) also considered hyperplasias as benign lesions and found that 69.2% were malignant.
Regarding carcinoma classification, most authors have reported tubulopapillary carcinoma as the most frequent (Togni et al. 2013) , followed by solid carcinomas (Pereira et al. 2004; Millanta et al. 2006; Maniscalco et al. 2012; De Campos et al. 2015) as in this study. However, some studies have not mentioned cribriform carcinoma (Pereira et al. 2004; Millanta et al. 2006 ) and other histological types, such as mucinous carcinoma, glycogen-rich carcinoma, and carcinosarcoma (De Campos et al. 2015) . Tubulopapillary carcinomas express more Ki-67 than solid and cribriform carcinomas (Pereira et al. 2004) , indicating a higher proliferative index. In addition, cats with cribriform carcinoma have the lowest survival, followed by those with solid carcinoma and tubulopapillary carcinoma (Seixas et al. 2011; Mills et al. 2015) .
According to Hughes and Dobson (2012) , histological classification of neoplasms should be accompanied by histological grading for a more reliable prognostic evaluation. In the present study, the majority of tumours (84%) were grade I or II. Other authors have also reported that most feline carcinomas were well differentiated (grades I and II) (Silva 2016) or that carcinomas showed a similar distribution between grades (Rasotto et al. 2011; De Campos et al. 2015) .
Previous studies have reported an overexpression of Her-2 in cats ranging from 12.3% to 40% (De Maria et al. 2005; Ordás et al. 2007; Rasotto et al. 2011; De Campos et al. 2015) , and 16.7% of the carcinomas in this study presented overexpression. Variation in results may occur because of a lack of standardization of the immunohistochemical technique (Matos et al. 2012; De Campos et al. 2015) and the use of human antibodies may present low specificity (Matos et al. 2012 ). However, Soares et al. (2012) tested several protocols and antibodies for Her-2 expression verification and found that the clone used in the present study (A0485) obtained the best results.
In contrast to the present study, previous studies have reported an association of Her-2 overexpression with greater tumour size, higher histological grade, absence of hormone receptor expression (Ordás et al. 2007) , and lower overall survival (De Campos et al. 2015) .
In the present study, benign tumours and hyperplasias did not present overexpression of Her-2, as in a previous study conducted in Spain (Ordás 2007) . Conversely, a study conducted in Italy described 6.8% of hyperplasias and 10% of adenomas as positive, suggesting that Her-2 overexpression may be associated with the growth of these benign lesions (Rasotto et al. 2011) . However, a small number of benign samples may have impaired the expression in this study.
Despite Her-2 expression being a critical prognostic factor for women with breast cancer and the similarity between breast tumours in women and cats, the percentage of breast cancers expressing Her-2 in cats is lower than that in women. In addition, no correlation was observed between grade and histological type and Her-2 expression, indicating that in cats, Her-2 overexpression may be considered an independent prognostic factor. Benign breast lesions in cats apparently do not express Her-2.
